Gene polymorphism
Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic infl ammation, leading to joint destruction and systemic complications which increase morbidity and mortality. 1, 2 This disease affects 0.5%-1% of the general population worldwide, with a higher incidence in women than in men. 3 Although the incidence and clinical manifestations of RA have been shown to vary in many different geographical regions, in Latin America, especially in Brazil, this information is scarce. 4, 5 Therefore, it is very important to enlighten RA pathogenesis in heterogeneous population such as in Brazil.
The RA has a complex and unclear etiology, but in genetically susceptible individuals, specifi c environmental factors can potentially activate pathogenic immune reactions, including autoantibody formation and autoreactivity response. [1] [2] [3] 6 The onset of RA can be indicated by the development of antibodies against citrullinated protein antigens (ACPA) and rheumatoid factor (RF) related to the self-tolerance loss. 7 Recently, it has been recognized two RA subsets based on presence or absence of ACPA. Patients with ACPA positive have more extra-articular manifestations, smoking habit, and worse prognosis. 2 The main cause of mortality in RA patients is cardiovascular diseases (CVD). Once the risk of CVD in RA patients is 50% higher when compared with the general population, it is believed that other risk factors are present in RA disease. 8, 9 Thus, the pathogenesis of accelerated cardiovascular damage is caused by traditional cardiovascular risk factors in combination to disease-related infl ammatory and autoimmune mechanisms. 10, 11 Infl ammation has an important role in atherosclerotic lesion and RA patients have a higher prevalence of atherosclerosis. 12 In immune-mediated diseases such as RA, the accelerated and early atherosclerotic vascular damage may partially be explained by humoral and cellular autoimmune response against antigens expressed on the endothelium. 8, 13 Cytokines are also implicated in many immune processes associated with the pathogenesis of RA, especially in maintaining the active chronic infl ammatory response. Because cytokines are involved in immune-regulatory and tissuedestructive events, it is likely that they would infl uence the severity of RA manifestations. 7 Interleukin-18 (IL-18), a proinfl ammatory cytokine produced in RA by several synovium cells such as macrophages, chondrocytes and osteoblasts, induces signaling pathways common to other IL-1 family members, such as activation of nuclear factor-κB (NF-κB) and interferon-γ expression. 7, [14] [15] [16] Administration of IL-18 to mice caused development of erosive, infl ammatory arthritis, suggesting that this cytokine can play a pro-infl ammatory role in vivo.
14 Furthermore, IL-18 mRNA and its protein were detected in RA synovial tissues in higher levels than in osteoarthritic controls. 14 The structure, levels and regulation of IL-18 can be due to genetic differences on IL-18 gene expression. 16 The chronic infl ammatory condition seen in RA increase the levels and expression of C-reactive protein (CRP), tumor necrosis factor alpha (TNFα), interleukins-1, -6, and also -18, which are relevant as CVD risk factors. 11, 13, 19 IL-18 is considered pro-atherogenic, presumably as a mediator of vascular infl ammation itself, leading to augmentation and vulnerability of atherosclerotic plaque and fi nally, to its rupture. 18 Human adipocytes are also capable of producing IL-18, con-tributing to systemic IL-18 concentrations and development of the increased risk of diabetes and CVD that are associated with obesity and insulin resistance states. 19 Plasma IL-18 concentration has shown to be increased in post myocardial infarction patients and was associated with coronary atherosclerosis. 20 Indeed, variations in the IL-18 gene were associated with raised IL-18 serum concentrations and higher cardiovascular mortality among coronary artery disease (CAD) patients. 21 Other studies showed that IL-18 gene polymorphisms are involved in the development of ischemic stroke, 22 myocardial infarction (MI), 23 and higher cardiovascular mortality risk. 24 Moreover, IL-18 serum levels were associated with traditional risk factors such as LDL-and HDL-cholesterol abnormal values, obesity, insulin resistance and cell dysfunction. 20 Even though the endogenous production of IL-18 is affected by multiple factors, individual differences could also be determined by genetic polymorphisms, potentially affecting the balance between Th1 and Th2 cytokine responses. This mechanism could be responsible for an increased resistance to microbial infections, but also for a higher susceptibility to autoimmune disorders in individuals carrying more active IL-18 alleles. 15 The IL-18 gene is regulated by its promoter region polymorphisms, which variability could lead to differences in transcription factor binding. Two single nucleotide polymorphisms (SNPs) in the promoter region at -607C/A and -137G/C position have been studied, and those changes disrupts a potential binding site of the cAMP-responsive element binding (CREB) protein and the H4TF-1 nuclear factor, respectively. 15, 25 In RA patients, the higher frequency of -607A allele and/ or higher frequency of -137C allele are related to defi ciency in gene transcription; that would be benefi cial for the individual, protecting against the development of RA. Accordingly, one study demonstrates that the -607AA genotype is associated with lower prevalence of RA in a Chinese population. 25 On the other hand, the homozygous for C at position -607 and G at position -137 promote higher levels of IL-18 mRNA compared to the other genotypes, and the resulting elevated levels of the pro-infl ammatory IL-18 protein mediate many acute and chronic infl ammatory processes. 15, 25 The aim of this study was to analyze the infl uence of the IL-18 polymorphisms on RA pathogenesis, as well as in CVD risk factors (dyslipidemia, blood pressure, smoking).
Methods
Ninety seven RA patients diagnosed according to 1987 ACR classifi cation criteria, from the outpatient clinic of the Rheumatology Division at the University Hospital of the Federal University of Santa Catarina, Florianópolis, Brazil, were enrolled. Control group was composed by 151 healthy volunteers without personal or family history of autoimmune diseases. The study was approved by the local Ethics Committee (CEP/UFSC -case number 172/06). All participants gave their written informed consent. Familial and epidemiologic data were collected using structured questionnaires. Clinical data were obtained from medical records.
As traditional CVD risk factors, we considered: high total (> 200 mg/dL) and LDL (> 100 mg/dL) cholesterol levels, systemic arterial hypertension (systolic arterial pressure (AP) ≥ 140 mmHg and/or dyastolic AP ≥ 90 mmHg), current smoking habit, RF positivity (> 20 IU/mL), and levels of CRP above the reference value (> 5mg/L).
Peripheral blood samples were collected for DNA extraction. 26 The SNP -607C/A (rs1946518) of IL-18 gene was detected by the polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) technique, amplifying a 301 base pair (bp) segment covering the polymorphic site by using the primers sequences on Table 1 . 27 To detect the polymorphism, the PCR products were followed by MseI restriction enzyme (BioLabs Inc., New England) digestion, at 37°C for 12 hours, then subjected to electrophoresis in a 3% agarose gel and stained with ethidium bromide (1%). The digested PCR products were identifi ed as CC homozygous individuals when cut into 199 and 73bp fragments, and as AA homozygous individuals when cut into 101, 98 and 73 bp fragments. Thus, the CA heterozygous individuals were identifi ed when showing the expected fragments: 199, 101, 98 and 73 bp (Fig. 1a) .
The SNP -137G/C (rs187238) of the same gene was detected by sequence specifi c PCR (PCR-SSP) method, according to Takada et al. (2002) . 27 In this method were used a common reverse primer (R) and two sequence-specifi c forwards primers, specifi c F1 for C allele and specifi c F2 for G allele, amplifying a product of 261 bp ( Table 1) . As an internal positive amplifi cation control, a control forward primer (F) was used to amplify a 446 bp fragment which covers the polymorphic site (Table 1) (Fig. 1b) . For confi rmation of typing, we used negative and positive controls for each genotype in all experiments in both SNP detection methods.
The frequencies of alleles and genotypes in RA patients and controls of both SNPs -607 and -137 was performed by direct counting. To verify the genotype distribution, the Hardy-Weinberg Equilibrium (HWE) test was calculated using GENEPOP software. 28 Since both SNPs are located in the same gene, we have verifi ed if they were inherited together due to linkage disequilibrium (LD) using GENEPOP software. Once both SNPs are linked, they can be considered as one haplotype, and frequency of its combination was calculated by PHASE software. 29 The odds ratio (OR) with 95% confi dence interval was obtained for association analysis 30 of the polymorphisms (alleles, genotypes and haplotypes). The analysis was performed separately for clinical and epidemiological data as well as for RA susceptibility and further confi rmed using the HDS EpiMax Calculator. 31 The -607A and -137G alleles were considered as risk alleles to RA susceptibility. A P value below 0.05 was considered signifi cant.
Results
Women were 88.66% of the RA patients and 96.40% of the controls (P > 0.05). Mean age was 54.63 (± 12.48) in patients and 48.00 (± 15.56) years old in controls (P > 0.05). Although in RA and controls the predominant ethnicity was Euro-Brazilian, frequency of Afro-Brazilians and Amerindian-Brazilians was higher in RA patients than in controls (P = 0.027) ( Table 2) .
The allele, genotype and haplotypes frequencies of IL-18 gene polymorphisms were estimated in case and controls. The allele frequencies were showed in Table 3 . The genotype frequencies distribution for both SNPs were in HWE in RA patients and controls, except for the genotype frequencies for -137 SNP in controls (P = 0.006) (Table 4) . Furthermore, because we found that the polymorphisms -607 and -137 were in linkage disequilibrium in RA patients and controls (P < 0.001), both SNPs were analyzed as haplotypes (Table 5) . We showed that the allele, genotype and haplotype frequencies of IL-18 gene were similar in RA patients and controls, and the IL-18 polymorphisms were not associated with the development of RA (P > 0.05).
Among the prevalence of CVD risk factors in RA patients, it was observed the presence of hypercholesterolemia (54.95%), arterial hypertension (56.99%), smoking habit (41.76%), positive RF (66.27%), and high CRP levels (52.38%) ( Table 2 ). High cholesterol levels and arterial hypertension were not associated with IL-18 gene polymorphisms. Also, we observed that smoking habit in RA patients have a tendency to be associated with levels of positive RF (OR = 2.199; 0.739-6.677 95 CI%; P = 0.182), and CRP high levels (OR = 2.673; 0.961-7.546 95% CI; P = 0.061). The frequency of smokers was higher among RA patients than in controls (OR = 1.691; 0.930-3.079 95% CI; P = 0.088), however not statistically signifi cant. Furthermore, neither RF nor smoking was associated with -607 or -137 polymorphisms.
Discussion
This is an important study that analyses for the fi rst time in a Brazilian population the genetic features of the pro-infl ammatory cytokine IL-18, and its role in RA. This cytokine can be involved in the characteristic infl ammatory condition that causes so many injuries in RA patients.
The genotype frequencies of both -607 and -137 SNPs found in the present study resemble to other case-control studies including Caucasian RA patients, such as Polish, 32 and Spanish. 33 On the other hand, the genotype frequencies found in Asian studies differ from ours. 25, 34 Thus, the similarity to the European population regarding genotype frequencies could be explained by the high prevalence of Euro-descendants in our sample, since many immigrants from Europe were settled in Southern Brazil. 35 A Chinese study found that the AA genotype of -607 SNP confers protection against RA development. 25 However, this study showed no association between both -607 and -137 SNPs of IL-18 gene and susceptibility for RA development. In the same way, a recent meta-analysis on autoimmune diseases 36 concluded that these polymorphisms were not related to RA development, similar to other studies done in Poland, 32 Spain, 33 and China. 34 The latter study also showed that -607 SNP did not change IL-18 serum levels.
34 Fig. 1 -Genotyping for the IL-18 position -607 (a) and -137 (b) polymorphisms. (a) Genotyping SNP -607 C/A locus in IL-18 gene by PCR-RFLP technique, whose PCR products were followed by MseI (Biolabs, New England) digestion at 37°C for 12 hours, then subjected to electrophoresis 3% agarose gel and stained with ethidium bromide (1%). 27 (b) Genotyping SNP -137 G/C locus in IL-18 gene by PCR-SSP technique, whose PCR products are allele specifi c, subjected to electrophoresis 1.5% agarose gel and stained with ethidium bromide (1%). 27 In the picture, each lane represents an individual. In (1) the PCR products were amplifi ed with specifi c primer to G allele (arrow). In (2) the PCR products were amplifi ed with specifi c primer to C allele (arrowhead). The fragment that was amplifi ed by specifi c primers had 261 bp, while an intern control is present in both assays and amplifi ed a fragment with 446 bp. Thus, if both bands are present in the gel it means that the specifi c allele is present (e.g. lane 2 represents the genotype GC). L, 50bp ladder; 1, PCR product (301bp) without digestion; samples 2 and 4 were genotype as CA (199bp. 101bp. 98bp and 73bp); sample 3 was genotyped as AA (101bp. 98bp and 73bp) and sample 5 was considered as CC genotype (199 bp and 73 bp).
Although RA is a disease of complex etiology, it is believed to be caused by the combination of genetic susceptibility and several environmental factors such as infections and lifestyle characteristics, the exact contribution of each of these factors for RA development in distinct populations are not well understood and need further investigation. 3, 37 We demonstrated that the IL-18 SNPs were in linkage disequilibrium in RA patients, as it was ever previously shown by other studies. 25, 32, 33 Also, we found no association of haplotypes with RA susceptibility, in agreement to results from Spanish 34 and Chinese studies. 25 Nevertheless, a study from Poland found a signifi cant decreased number of subjects with AC/AC and AG/AG diplotypes among RA patients as compared with controls, suggesting these diplotypes are related to RA development. 32 The polymorphisms in the IL-18 promoter gene affect its activity, but this effect depends on cell types and local cytokine environment. Thus, the interaction between genotype and cellular environment remains to be evaluated. 15 Although dyslipidemia is a controversial factor of CVD in RA, studies showed that low levels of HDL-cholesterol are common and could contribute for increased CV morbidity in these patients. 8, 17, 38, 39 Dyslipidemia has been associated with high levels of IL-18. 20 However, our study showed that high levels of total cholesterol were not associated with the presence of the IL-18 SNPs analyzed, which was found by other studies as well. 24, 40 Arterial hypertension is common among RA patients, but the cause of this increased prevalence compared with controls is unclear. There are multiple factors that infl uence blood pressure, such as obesity, physical inactivity, specifi c genetic polymorphisms, and some antirheumatic medications. 8, 37 Arterial hypertension is associated with increased IL-18 serum levels, 20 and the expression of mRNA of this cytokine in atherosclerotic tissue samples was augmented when the -137GC polymorphisms and arterial hypertension were both present. 41 Furthermore, a study about metabolic risk factors for CVD found that -137GC genotype confers increased risk of arterial hypertension development to African women when compared with -137GG subjects. 41 In our study, however, arterial hypertension was not associated with IL-18 polymorphisms, as also demonstrated by Szeto et al. 24 Smoking is a known risk factor for development of RA, and smokers with RA appear to have higher RF titers and worse prognosis in terms of disability, radiographic damage, and treatment response. 38 We found no association between smoking habit and the IL-18 polymorphisms, nor between smoking habit and RF in RA patients (OR = 2.2; P > 0.05), which differs from data of a recent meta-analysis. 38 In the same way, the presence of RF was not associated with the polymorphisms of IL-18 gene, as showed by other studies in RA. 15, 33 High levels of CRP were more frequent in RA patients who smoke, but this association was not statistically signifi cant (OR = 2.67; P = 0.061). CRP levels were not associated with IL-18 gene polymorphisms, similarly to the results of another study. 24 Although other studies have demonstrated that expression of IL-18 gene is higher in RA patients and that this cytokine might be relevant in the pathogenesis of the disease, we found that the polymorphisms -607 and -137 of IL-18 gene do not play a major role in RA susceptibility in our population. In addition, these polymorphisms are not associated with CVD risk factors in our RA patients.
IL-18 exhibits pleiotropic activities in RA, with a wide variety of effects that are infl uenced by the overall cytokine network. Future studies considering novel genetic markers within IL-18 or other genes involved in the cytokine network should be performed to evaluate their relevance in the context of RA and other infl ammatory diseases.
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